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Abstract
According to World Bank projections, world population will reach 7 billion in 2020. This impressive population must be
accommodated, clothed and most importantly it must be fed. It keep into this challenge an increase in the agricultural production
must reach 90% of the already cultivated land. It is clear that mineral fertilizers will continue to play an important role in
improving agricultural production. A fertilizer is by definition "any product containing at least 5% of the three major plant
nutrients: N, P2O5, and K2O. The most common fertilizers are nitrogen, phosphate, potassium, magnesium and sulphur fertilizers.
They can be simple, single or complex nutrients. Currently, phosphate fertilizers are by far the most prevalent. However, the
fertilizers produced from phosphate ores still contain heavy metals that are harmful to human health. These heavy metals are
transferred through processing to phosphoric acid: the main intermediary between the rock and phosphate fertilizers. Among
these heavy metals, cadmium seems to be the most harmful and toxic element. The occurrence of such element in the fertilizer
products causes a serious danger to both human health and environment. Most of the phosphate-bearing rocks contain large Cd
amounts that are often above acceptable levels. Phosphate ore industry usually tends to improve the quality of product by
eliminating this toxic element. The aim of this study is to present an accurate and less expensive method by which cadmium in
phosphate ore would be reduced to lower rates. The method uses ammonium acetate salt, diamine tetra-acetic and hydrochloric
acids as extracting agents of cadmium in phosphate. The influence of some parameters was taken into consideration, such as the
volume/mass ratios, the extracting agent concentration and the temperature. The results analyses were based on the amount of
cadmium extracted and P2O5 loss, and the efficiencies of extracting agents.
© 2009 Elsevier B.V.
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1. Introduction
The phosphorus industry began in the industrialized countries in the 60’s with the production of phosphorus
detergents as well as its derivatives such as organic fertilizers.
The phosphoric acid produced from phosphate oxidation is an intermediate step before producing phosphate
fertilizers. This method uses wet chemistry and is applied on phosphate ores. However, these products contain toxic
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chemical elements such as U, Cd, Zn, Mn, Fe, Pb, As, Ni, Cr, Se, Hg, and V that are present originally within the
phosphate ores [1-4].
Among these elements, cadmium is one of the most toxic. Its occurrence in industrial products constitutes a
danger to human health and a source of environmental pollution. Nowadays, scientific research is focussed on
finding the best method to reduce the amount of such an element in the phosphate products, and the aim of the piece
of work is among these objectives [5-9]. This study is also to propose an accurate and less expensive method. Three
different reagent solutions (ammonium acetate salt, diamine tetra-acetic and hydrochloric acids) were used to
partially react with the phosphate ores. Cadmium was measured using atomic absorption spectroscopy. Cadmium
extraction was optimized with respect to the extractant concentration, the temperature and the ore mass to extracting
volume ratio.
2. Materials and methods
2.1. Materials and Chemical agents
The phosphate samples were obtained from Djebel El Onk (Tebessa, Algeria) phosphate factory and the chosen
samples are below 2 mm particle size.
All chemicals used were in pure form and did not need further treatment. Double distilled water was used in all
experiments.
Chemical agent Origin Molar masse(g mol-1)
Ethylenediamine tetraacetic acid disodium
salt dihydrate(Na2EDTA), 99%
Merck
372.25
Ammonium acetate Merck 77.08
Chlorhydric acid 37%, d = 1.19 Merck 36.5
Perchloric acid 70%, d =1.67 Merck 100.46
Nitric acid60%, d =1.38 Merck 63.01
2.2. Experimental protocol
2.2.1 Mineralization of phosphate ore
The method used in this study was that described by Olsen and Sommer [10]. In a 250 ml beaker 1g of finely
ground ore was mixed with 15 ml of 60% HClO4. The solution was then heated to boiling. If the sample is high in
organic matter it may be necessary to add 20 ml of HNO3 and heat to oxidize organic matter before adding HClO4.
Total digestion time was approximately 40 min. The obtained solution was poured into a gauged flask either of 500
ml in the case of phosphate analysis or 50 ml in the case of cadmium analysis. Distilled water is then added till the
gauge mark.
2.2.2 Extraction cadmium from phosphate ore
Two grams of phosphate ore are put into a reactor containing 50 ml of extracting agent with known
concentration. The reactive mixture is then agitated using a magnetic stirrer (Kika labotechnik) at 800 rpm for a
known time and temperature that is controlled by a thermostat-bath (Julabo). At the end of each test, the reactor is
rapidly placed into an ice-bath to stop the reaction. The two phases (liquid and solid) are then separated under
Table 1: Chemical agents characteristics
1456 Z. Benredjem, R. Delimi / Physics Procedia 2 (2009) 1455–1460
R. Delimi / Physics Procedia 00 (2009) 000–000 3
vacuum using a GF/C filter. Cadmium and phosphate are then analysed in the filtrate. The concentration of
extracting solution, the temperature and time are changed for several tests.
2. 3 Analysis
A UV-visible (Jenway) spectrophotometer was used for phosphate analysis according to the standard methods
(vanadomolybdophosphoric acid colorometric method) after separating the turbidity through the standard filter
designed for a wide range of laboratory application [10]. Cadmium concentrations were measured by atomic
absorption (Shimadzu AA6200).
3. Results and Discussion
3. 1 Determination of Cd and P2O5 concentration in the phosphate ore
To evaluate the extracted proportions of cadmium and P2O5 from phosphate ore, the phosphate ore it self was
subject to Cd and P2O5 analyses. The results show that the cadmium content in the ore is between 16 and 18 mg Kg-
1
, and that of the phosphorus is 28 to 30% P2O5.
3. 2 Effect of extracting agent
Three different reagents were tested separately in the extraction of cadmium from phosphate ore. In parallel, the
dissolution rate of phosphates was monitored. In general, the best cadmium extracting agent is that of the lowest
phosphate dissolution rate. The results are shown in table 2 and figure 1.
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Fig. 1. Cadmium extraction rate for different extracting agents.
V=50 ml, mass ore 2g, speed 800 rpm.
Reagent
cadmium
(mg Kg-1)
dissolution
ratio P2O5 (%)
Na2EDTA 3.4 1.33
CH3COONH4 <1.25 0.0054
HCl 11.65 2.48
Table 2: Cadmium extract amount and phosphate extraction rate
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Among the reagents studied, hydrochloric acid presents the highest content of cadmium extract (11.65 ppm). This
level corresponds to an extraction rate of 71%. Moreover, it has a phosphate dissolution rate slightly higher than that
of Na2EDTA. Therefore hydrochloric acid was selected for further studies.
3. 3 Kinetics of extraction
Figure 2 shows that cadmium extraction kinetics by hydrochloric acid is very fast. The half-time value of reaction
determined from the curve is equal to t1/2 = 1min. This figure also shows that the process of extraction is almost
complete a period of 48 hours. For two hours we would reach a rate of extraction of 89.5% as compared to the final
rate of extraction. For practical reasons in studying the influence of some physical and chemical parameters we have
chosen an extraction time of two hours.
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Fig. 2. Cadmium extraction kinetics by hydrochloric acid:
VHCl=50 ml, mass ore 2g, speed 400 rpm.
3. 4. Influence of some physical and chemical parameters on the extraction of cadmium
3. 4. 1 Effect of Mass / Volume
To study the influence of ore mass / extracting volume ratio on the efficiency of extraction, ore mass of ore was
varied from 0.25 to 20g while extracting agent volume was kept constant and equal to 50 ml. The results of this
study are given in Table 3.
The results show that the extraction rate is above 71% when the masses are less than 2 g. however, for masses
within the 5 - 20g range the extraction rate is between 47.94 and 17.63%. Therefore the mass/volume ratio was
optimized at 2g / 50ml.
Table 3: Influence of ore mass/extracting volume ratio on the extraction of cadmium
20/5010/505/502/501/500,5/500,25/50m/V(g ml-1)
2.915.727.9111.6512.2313.3714.00[Cd](mg Kg-1)
17.6334.6647.9470.6074.1281.0384.85Extraction rate(%)
1458 Z. Benredjem, R. Delimi / Physics Procedia 2 (2009) 1455–1460
R. Delimi / Physics Procedia 00 (2009) 000–000 5
3. 4. 2 Effect of the extracting agent concentration
The study of the effect of concentration on the efficiency of extraction was carried out for concentrations ranging
from 0.1 to 2 N. For all the solutions studied, the mass of ore taken was equal to 2g.
As we can see from the curve (Figure 3) when the concentration of extracting agent varies from 0.1 to 0.5 N, the
concentration of cadmium extracted increases accordingly and becomes constant after 0.5N concentration. We
believe that the optimal concentration of hydrochloric acid is equal to 0.5 N.
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Fig. 3. Cadmium amount evolution with the concentration of hydrochloric acid:
VHCl=50 ml, mass ore 2g, speed 400 rpm.
3. 4. 3 Effect of the temperature
The influence of temperature was studied in the range temperature: 25 - 55°C. The extract cadmium
concentration was measured after 120 minutes of contact the phosphate ore with extracting agent. The analysis of
the figure 4 shows that an increase in temperature leads to a slight increase in the amount of cadmium extracted.
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Fig. 4. Cadmium amount evolution with the temperature.
VHCl=50 ml, mass ore 2g, speed 400 rpm.
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4. Conclusion
The study focused on the elimination of cadmium from phosphate ore by extraction. The results have shown that
using a hydrochloric acid solution at 0.5 N it is possible to extract cadmium with a rate extraction exceeding 71%.
The extraction of this metal depends on the nature of the extracting agent, the ore mass/ the extracting volume, and
on the concentration of the extracting solution. The values of extraction rate can be improved by seeking other
extracting reagents, and optimizing other physical and chemical parameters.
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